Keywords: risk of rupture ruptured ovarian endometrioma surgical intervention a b s t r a c t Objective: Patients with a rare rupture of endometriomas may require surgery. In this retrospective study, we assessed the outcomes of surgical interventions for ruptured ovarian endometriomas. Materials and methods: Forty-three patients who underwent surgical intervention for ruptured ovarian endometriomas were studied. Depending on the latency to surgery and endometrioma recurrence, patients were divided into two groups, and then compared with respect to patient profiles, intraoperative findings, and outcomes. Results: Thirty-one of the 43 patients had a known ovarian endometrioma with an average diameter of 6.04 cm. Seventeen (39.5%) patients had a recurrent ovarian tumor during the postoperative follow up. Patients who underwent surgery within 72 hours or after 72 hours showed no difference in baseline characteristics and most clinical outcomes, except for the choice of surgery (p ¼ 0.003) and future fertility (p ¼ 0.005). Conclusion: Comprehensive and early surgical intervention after endometrioma rupture can assist in excluding ovarian malignancy and can reduce the effects of cyst fluids, prevent adhesions, and preserve fertility.
Introduction
A pelvic mass, defined as a space-occupying lesion within the pelvis [1] , can be symptomatic or an incidental finding. Most ovarian cysts are discovered incidentally, but are associated with a 4% admission rate in women who have had an ovarian cyst by the age of 65 years [2] . Major serious events associated with ovarian cysts are ovarian cyst rupture, hemorrhage, and torsion. Endometriosis, a common gynecologic diagnosis, affects approximately 5e12% of women in their reproductive years and has a higher incidence in infertile individuals [3, 4] . When patients experience rupture of an endometrioma, which is relatively rare, they experience clinical presentations similar to those associated with rupture of other cysts, including sudden-onset abdominal pain, nausea, and vomiting, followed by severe peritonitis and systemic disturbances [2,5e11] . Physical or pelvic examination and sonographic evaluation assist in making a correct diagnosis. Serum CA-125, a tumor marker used to distinguish endometriomas from malignancies, has been reported at extremely high levels in patients with endometriomas, which mimics ovarian cancer and often confuses clinicians [9e11] . Cyst ruptures are often managed expectantly with analgesia and observation [2] . Disregarding the effects of residual endometriotic fluid in the pelvic cavity induce further adhesions and enhance the growth of endometriomas [12e15] . Therefore, surgery may be necessary in patients with a ruptured ovarian endometrioma. In this paper, we present our surgical approaches for patients who experienced rupture of ovarian endometriomas, and we discuss the suitable timing of such surgical interventions.
Materials and methods
The study was conducted at Chang Gung Memorial Hospital (Taipei, Taiwan). When an ovarian cyst was suspected, the patient's general data such as age, body mass index, obstetric data, previous history of pelvic surgery or infertility, and characteristics of menstrual cycles were reviewed in detail. When dysmenorrhea was reported, we quantified the pain experienced with a visual analog scale (VAS) that ranged from 0 (no pain) to 10 (intolerable pain). All patients underwent a sonographic evaluation to confirm our impression. For patients with prior sexual experience, we also performed pelvic examinations. Obtaining the serum tumor CA-125 level and performing computed tomography scanning were also indicated when malignancy was suspected or could not be excluded based on the current survey.
After completing the survey, we discussed the clinical condition with the patient and explained the choices of conservative and surgical management. Preoperative evaluations were performed, which included a complete blood count test, chest X-ray, and echocardiography. The surgical approach (e.g., laparoscopy or laparotomy) was selected, based on the patient's condition and clinical presentation and the experience of the operator. Operative charts detailed the operative methods, timing, size, location of the ovarian tumor, and blood loss. The revised American Fertility Society score and adhesion score were used to evaluate the severity of pelvic endometriosis. All removed specimens were sent for pathologic analysis. Patients were discharged under a stable postoperative status and a regular postoperative clinic follow up was recommended.
Patients returned to our hospital every 3e6 months; they underwent a gynecologic examination, sonography, and CA-125 level monitoring. A symptom review was also performed. Pain intensity was self-reported with a VAS pain score. Ovarian endometrioma recurrence was defined as the presence of an ovarian cyst that was characterized by a round, homogenous, hypoechoic, low-level echocyst detected by ultrasonography. If the cyst was indistinguishable from other ovarian cysts such as a corpus luteum, endometrioma recurrence was diagnosed only when the cyst persisted after successive menstrual cycles. A further surgical procedure was performed in patients with recurrent symptomatic ovarian endometriomas.
In this retrospective study, we included data from all patients who visited our clinics between January 1988 and December 2009 with acute abdominal pain and who underwent conventional surgical interventions with pathologic confirmation of ruptured ovarian endometriomas. The study was approved by the institutional review board (99-1071B) of Chang Gung Memorial Hospital (Taipei, Taiwan). Depending on the latency to the operation and recurrence of ovarian endometrioma, patients were divided into two groups. The patient profiles, intraoperative findings, and outcomes during follow up were compared.
Data were analyzed using the SPSS PC software package, version 15.0 (SPSS, Inc., Chicago, IL, USA). The independent-samples t test was used for comparing continuous variables. The Pearson's Chisquare test was used for comparing categorical data such as previous history of pelvic surgery, the necessity for a further surgical procedure, and pregnancy. A value of p < 0.05 was considered statistically significant.
Results
Forty-three patients were included in this study; they had a mean age of 30.21 years. Thirty-one patients had a known ovarian endometrioma with an average diameter of 6.04 cm (diameter range, 3.4e12 cm). They reported experiencing abdominal pain with a pain score of more than 6 on approximately day 16 of their cycle (range, day 10e23) (Fig. 1) . The tumor was markedly smaller after rupture. Twenty-nine patients underwent surgical intervention within 72 hours of endometrioma rupture, whereas 14 patients underwent surgery after 72 hours. During the postoperative follow up, 17 (39.5%) patients had recurrent ovarian endometriomas and the average latency of the recurrence-free period was approximately 54 months (range, 4e261 months). Table 1 lists the demographic data of these two patient groups.
There were no significant differences in baseline characteristics between patients who underwent surgery within 72 hours after rupture and patients who underwent surgery more than 72 hours after rupture. However, the choice of surgical approach differed significantly between the two groups. Among the patients who underwent surgical intervention within 72 hours, 13 patients underwent laparotomy and 16 patients underwent laparoscopic surgical intervention. By contrast, among those patients who underwent surgical intervention more than 72 hours after rupture, 1 patient underwent laparotomy and 13 patients underwent laparoscopy (p ¼ 0.003). During follow up, the two patient groups showed no significant differences in latency to recurrence, recurrence rate, and pain score. Among the patients who underwent surgery within 72 hours, 27 patients tried to conceive after the operation, and 7 of 20 patients became pregnant. Among the patients (n ¼ 7) who underwent surgery after 72 hours, no patient became pregnant (p ¼ 0.005). Table 2 lists further comparisons.
Discussion
Most ovarian cysts are incidental findings, although some cause clinical complications with a reported 4% admission rate in women who have had an ovarian cyst by the age of 65 years [2] . Besides ovarian cyst rupture, major problems associated with ovarian cysts are hemorrhage and torsion. These complications require emergent management.
Endometriosis accounts for one-third of common gynecologic diagnoses and affects approximately 5e12% of women in their reproductive years with a higher incidence (50%) in infertile individuals [3, 4] . These ectopic endometrial tissues can be present inside or outside the pelvis. Ovarian endometriomas are formed when these tissues implant into the ovaries.
Most patients who experience rupture of endometriomas, which is relatively rare, present with sudden-onset abdominal pain, nausea, and vomiting, and subsequently patients have severe peritonitis and systemic disturbances [2,5e11] . Unlike a ruptured corpus luteum, which is a physiologic event that often occurs during the ovarian cycle on days 20e26 [2] , the timing of endometrioma rupture is variable. Kurata et al [9] report a ruptured endometrioma occurring during the menstrual cycle. Some authors have described endometrioma rupture during pregnancy, resulting from the endometriosis undergoing decidualization and then becoming too fragile to withstand the pressure from the cyst and adjacent rapidly enlarging uterus [6, 16] . Depending on the location of the weakened endometriotic lesion, an endometrioma rupture may have different outcomes such as only a ruptured ovarian endometrioma, colonic perforation, abdomen with acute hemoperitoneum, or even fetal death due to a tear in uterine vessels during pregnancy [5e11, 16, 17] .
We reviewed 43 nonpregnant patients and found a periovulatory risk of endometrioma rupture on days 10e23. This finding indicates an unknown hormone effect that regulates the size of the ovarian tumor and affects cyst wall weakening. An exact pathophysiology is not yet established, although rapid growth and proliferation of endometrial tissue may result in increased size and unpreventable increased internal pressure and tension of the cyst [15] . In addition, increased shearing forces and tension between previous adhesions and a rapidly enlarging ovarian endometrioma can result in anatomical disturbances and further ruptures [12] .
Ovarian cyst rupture is commonly diagnosed by the presence of free fluid, a normal-sized ovary, and a clinical history of suddenonset pain that begins to resolve within approximately 24 hours [2] . Sonography assists in the diagnosis of cyst rupture and distinguishes ovarian tumors on the basis of size, wall thickness, presence of single or multiple cysts, and solid components. A ruptured ovarian endometrioma is diagnosed by the presence of free fluid with or without an ovarian tumor. When fluid is noted, a pelvic examination or culdocentesis is useful to exclude physical ascites. The severity of abdominal discomfort may reflect the volume of fluid released into the peritoneal cavity [2] . In our study, 81.6% of patients had been previously evaluated in clinics before cyst rupture and had a known ovarian endometrioma with an average size greater than 6 cm. This finding warns clinicians of the risk of rupture of larger ovarian endometriomas, and offers a differentiation from other inflammatory gynecologic diseases or from nongynecologic conditions such as appendicitis, diverticulitis, volvulus, and hollow organ perforation.
The serum level of the tumor marker CA-125, a tumorassociated antigen, is clinically used in differentiating between benign and malignant ovarian masses, and the magnitude of its elevation is important for diagnosis. When the level of serum CA-125 is greater than 300 U/mL, a malignant pelvic mass should be considered, even in younger patients [18] . However, several authors report that unruptured or ruptured ovarian endometriomas were associated with extremely high serum CA-125 levels, which mimic malignancy and may lead to misdiagnosis and overtreatment [5,7e9,17e19] . The asciteseserum exchange hypothesis explains the transient elevation of serum CA-125 level after endometrioma rupture: the elevation reflects the rapid diffusion of CA-125 in the cyst fluid through the peritoneum surface into the circulation; this is followed by a rapid decline of serum levels after treatment [9] . Other markers such as CA-19-9 and D-dimer also have similar properties [5, 9, 11] .
Surgical interventions for endometrioma rupture were previously restricted to patients who did not respond to conservative treatment with painkillers. In our study, patient characteristics and clinical outcomes were generally the same in patients who underwent surgery within 72 hours of cyst rupture or 72 hours after cyst rupture; they differed in the surgical approach used and future fertility. The reported rate of unexpected malignancies in patients with ovarian cysts ranges between 0.2% and 2.5% [20] . When narrowing the indications for operative laparoscopy to only patients with anechoic cysts without thick septations or solid parts, the rate can be maintained toward the lower limit of this range; on the other hand, the rate of malignancy rises to 11e19% when the indications for laparoscopy are widened to include patients with complex pelvic cysts [20] . Operative laparoscopy for enucleation of ovarian endometriomas is associated with less febrile morbidities, lower postoperative pain scores, decreased requirement for analgesics, and a shorter hospitalization, when compared to minilaparotomy; it is equally effective with respect to cyst recurrence, symptomatic improvement, and future pregnancies [21, 22] . Previous surgery, adhesions, and use of ovulation drugs are negative prognostic factors for endometrioma recurrence, which affects 8e32% of women with variable clinical presentations such as dysmenorrhea, dyspareunia, and chronic pelvic pain [3] . In our study, we revealed a higher recurrence rate (39.5%) for surgical intervention of rupture ovarian endometrioma, compared to other previously reported data [3] . Besides the severity of endometrioma recurrence, physicians cannot ignore the growth-enhancing effects of chocolate cyst fluid on endometrioma cells through promoting transforming growth factor B and inhibiting natural killer cells [12, 15] . Transforming growth factor B can increase the vascularity around the endometrioma and stimulate inflammatory reactions in surrounding tissues, thus predisposing the tissues to fibrosis and adhesion formation [13, 14] . On the other hand, endometriotic cyst fluid and transforming growth factor B can suppress natural killer cell activity. In a mouse model, a recovery in splenic natural killer cell activity was reported after the surgical excision of the endometriosis [12] . We cannot conclude that a longer latency to an operation results in early endometrioma recurrence or necessitates further surgical interventions such as sonographic-guided aspiration. However, later surgery did result in a lower rate of conception, based on our results. Thus, to enable women to maintain fertility, early surgical intervention (which shortens the effect of chocolate cyst fluid) should be considered.
In conclusion, endometrioma rupture, a rare variation of cyst rupture, can present with an acute abdomen or mimic ovarian malignancy. This diagnosis should be considered when encountering young women with known large ovarian endometriomas (greater than 6 cm) experiencing sudden-onset pain in the periovulatory period (i.e., days 10e23). A comprehensive survey that includes a medical history, physical and pelvic examination, serum CA-125 level, and ultrasonography can lead to a diagnosis of endometrioma rupture. Such a diagnosis could help surgeons reduce unexpected malignancies associated with the condition and allow a more confident endoscopic approach. At the same time, early surgical intervention can reduce the effects of endometriotic cyst fluid, and thus prevent adhesions and preserve future fertility.
